background: Large studies on semen quality of the general healthy population from China are rare. methods: A cross-sectional study was performed to evaluate the semen quality of 1346 healthy men residing in Chongqing area of southwest China in 2007. The semen parameters were measured and compared with the World Health Organization (WHO) criteria. A linear regression model was used to examine the determinants of semen quality.
Introduction
Semen quality is one of the most valuable indications of male reproductive health, and semen analysis plays a critical role in andrology.
After a controversial report showing a possible decline in human semen quality over the past 50 years (Carlsen et al., 1992) , many countries performed retrospective studies, and many investigators reported a significant reduction in semen quality over time (Auger et al., 1995; Adamopoulos et al., 1996; Irvine et al., 1996; MenchiniFabris et al., 1996; Younglai et al., 1998) , while several others reported no significant change in human semen quality (Bujan et al., 1996; Fisch et al., 1996; Vierula et al., 1996; Rasmussen et al., 1997) . The global temporal trends in semen quality are still being debated. The same arguments about semen quality also arose in China. Zhu et al. (2000) reviewed 36 papers published from 1985 to 1997, analyzed the data from 2318 healthy Chinese subjects, and demonstrated that there was no evidence of a decline in sperm concentration during that 13-year period in China. In contrast, Zhang et al. (1999) showed that there was a trend indicating a decline in semen quality during a 16-year period (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) in China.
One of the reasons that changes in human semen quality are important is that many studies have indicated that environmental pollutants, especially endocrine disrupters, may alter the development of reproductive organs when males are exposed during fetal and/or neonatal development. Maybe such exposure could impair adult semen production (Toppari et al., 1996; Guo et al., 2000; Ayotte et al., 2001; Hsu et al., 2003) . Other studies have emphasized the role of other factors, such as cigarette smoking (Vine et al., 1996 (Vine et al., , 1994 and various lifestyle factors (Tiemessen et al., 1996) on semen quality. However, increased age may also be associated with a decrease in semen quality, complicating the issue.
Over the past decades, most studies on semen quality have relied on samples from infertility clinics and sperm donor banks (Auger et al., 1995; Bujan et al., 1996) . Large studies of the general population are rare. In recent years, several authors have reported large differences in mean sperm concentration between different cities and countries (Fisch et al., 1996; Vierula et al., 1996; Jørgensen et al., 2001; Swan et al., 2003) . Gao et al. (2007) have analyzed the semen quality of 1191 healthy men from six provinces in China, but this study did not include Chongqing area of southwest China. Chongqing is one of the largest and most populous of the Chinese municipalities, and contains the majority of the reservoir areas of the Three Gorges Dam project (Three Gorges Reservoir Region). Chongqing is also an important part of the economic zone along the Yangtze River. As a result of its unique geographic characteristics, men from Chongqing may have semen characteristics which are distinct from previous studies. In particular, we are interested in the male reproductive health in this region because it may be related to environmental pollution, especially water-based pollution in the reservoir areas.
The main objectives of this study were: to evaluate the semen quality of a large population of healthy men residing in Chongqing, China; to determine what percentage of these males had normal semen parameters according to the World Health Organization (WHO) criteria and to investigate the effect of selected potential risk factors on semen quality.
Materials and Methods

Study design
Chongqing municipality has a registered population of more than 30 million, and is divided into 40 county-level subdivisions, consisting of 19 districts and 21 counties. We selected three districts and three counties which are geographically and demographically representative of the Three Gorges Reservoir Region, including Wushan and Yunyang counties (located downstream along the Yangtze River in the Three Gorges Reservoir Region); Wanzhou district and Zhongxian county (mid-river); Nanan (upstream of the Yangtze River, and a major urban area of Chongqing) and Shapingba district (a major urban area of Chongqing) (Fig. 1) .
This investigation was carried out in 2007. We worked with the Chongqing Family Planning Commission, Chongqing Institute of Science and Technology for Population and Family Planning, and six local Family Planning Institutions to recruit volunteers. A recruitment campaign to enroll participants was organized by the local Family Planning Network. Administration of the questionnaire, and physical examination, semen collection and analysis were carried out at each local Reproductive Health Center. The participants were informed of the purpose of the study, and possible benefits and risks of participating in the study. All participants were asked to sign an informed consent form if they agreed to take part in this study. The project proposal was approved by the Institutional Review Board of Preventive Medicine College, Third Military Medical University.
Study subjects
The subject inclusion criteria were as follows: the men had to be 20 -40 years old at the time of inclusion; all men were permanent residents of the participating areas who had not left the area for more than 3 months in past 3 years; the ethnic origin was Chinese Han. The exclusion criteria included: any one of the following reproductive or urological diseases diagnosed by a urologist: hydrocele of the tunica vaginalis, hematocele, hernia, torsion of the spermatic cord, torsion of the testicular appendage, varicocele II or more severe seminal vesiculitis, sexually transmitted disease, gangrene on the skin of the scrotum, cryptorchidism, small testis (,12 ml, testicular volumes were determined by use of a Prader orchidometer), congenital absence of the vas deferens and tuberculosis of epididymis; other known reproductive disorders or an identifiable history of infertility, vasoligation (surgical ligation of the vas deferens as a means of sterilization) or chronic disease; reported duration of abstinence of ,2 days or .7 days.
A total of 1976 volunteers were recruited and screened for entry into the study. Of these, 630 were excluded from the analysis for the following reasons: reproductive disorders or other chronic diseases (n ¼ 80), missing or unknown duration of abstinence or reported duration of abstinence of ,2 days or .7 days (n ¼ 210), failing to collect the semen samples (n ¼ 226) and spillage of the sample semen (n ¼ 114). Finally, a total of 1346 healthy volunteers were eligible and completed all the steps of the study (Fig. 2) .
Questionnaires
The questionnaire included detailed information on demography, education, lifestyle, living conditions, occupational exposure, sexual behavior, reproductive history, the consumption of tobacco, alcohol and drugs, and previous or current diseases. The questionnaire used in this study was standardized for all Reproductive Health Centers.
Physical examination
The physical examinations of all subjects were performed by the same two experienced urologists for all six centers. The results of examinations were recorded in a standard form. Secondary sexual characteristics and the possible presence of a varicocele, a hydrocele, the location of the testis in the scrotum, and the consistency of the testis and epididymis were examined to exclude the subjects with reproductive or urological diseases. Weight (kg) and height (cm) were measured in only one corrected instrument in each center.
Semen collection and analysis
We requested sampling after 2 -7 days of abstinence. The exact duration (in days) of abstinence was documented for each patient. The participants collected the ejaculates by masturbation at the local Reproductive Health Center into a sterile, wide-mouth plastic container and immediately delivered the sample to a laboratory in the same building. The semen samples were marked with an anonymous serial number and were then incubated in a water-bath at 378C until analysis. All samples were analyzed within 60 min of collection.
The semen analyses were performed according to the recommendations of the WHO criteria (World Health Organization, 1999) . Semen parameters that were assessed included appearance, viscosity, liquefaction time, pH value, semen volume, sperm concentration, total sperm count and sperm motility. Analysis was started as soon as the ejaculates had liquefied. The volume was measured by aspiration into a 10 ml pipette providing 0.1 ml accuracy. The pH was measured with a pH tape (pH 6.5 -10.0) and recorded after 20 s. For the assessment of sperm motility, 10 ml of well-mixed semen was placed on a clean glass slide (which had been kept at 378C) and covered with a 22 Â 22 mm coverslip. The preparation was placed on the heating stage of a microscope (378C) and immediately examined at a total magnification of Â20. The microscope field was scanned systematically and the sperm were classified as either motile (WHO motility classes A, B or C) or immotile (WHO motility class D). For the assessment of sperm concentration, each semen sample was thoroughly mixed. An aliquot of the sample was put into a diluent solution and again thoroughly mixed. The sperm concentration was assessed using a Micro-cell as a counting chamber, and six different areas were counted at a total microscope magnification of Â400. Only sperm with tails were counted.
In order to reduce the variation of assessment of sperm characteristics, all the analyses of semen quality were performed by two well-trained technicians for all six centers using the same apparatus, with one technician evaluating appearance, viscosity, liquefaction time, pH value and semen volume, and the other measuring sperm concentration, motility and morphology. The two technicians participated in the continuous quality control system under the supervision of the Chongqing Science and Technology Commission.
Statistical analysis
Because semen parameters follow markedly skewed (non-normal) distributions, the percentiles, medians and means were calculated on seven semen parameters. Percentages coincident with the criteria of WHO (1999) were also calculated. The data were also summarized using median, 25th and 75th percentiles, and were stratified by age, season of sampling and duration of abstinence. Kruskal -Wallis analysis of variance, a nonparametric test, was used to compare medians between groups.
We then used a linear regression model to examine the independent effects of risk factors on semen parameters. All semen parameters were Semen quality of Chinese healthy men log-transformed (base 10) to improve the normality as dependent variables in the linear models. Finally, we back-transformed the regression coefficients for logarithmically transformed variables for ease of interpretation. A full model that included all possible risk factors to be examined in the final regression was used. Selection of risk factors for the final model was based on their importance in the literature and biological plausibility. The possible risk factors, as independent variables, were re-evaluated with dummy variables representing different levels. The independent variables, entered into the regression model, included: age; season (June as summer, September and October as autumn, November and December as winter); duration of abstinence; tobacco (number of cigarettes smoked per day) and alcohol consumption (standard drinks/month, one standard drink equals 10 g of pure alcohol) and BMI (categorized as 18.5 -24.9; ,18.5 or !25 kg/m 2 according to WHO 1997 criteria). The statistical analyses were performed using the Statistical Package for the Social Sciences version 13.0 (SPSS, Chicago, IL, USA). The tests were two-sided, and the level of significance was established at 0.05.
Results
Subject characteristics
The general characteristics of the 1346 eligible subjects are summarized in Table I . Some of the subjects did not complete all of the questions in the questionnaire. The majority of the subjects (71.8%) were 30-40 years old. Nearly half of the subjects had a high school education (46.6%), and had a household income of .3000 RMB (Renminbi, currency of the People's Republic of China) per year (51.2%). More than half of the total subjects used tobacco (61.1%) and alcohol (63.4%). The mean duration of abstinence was 4.5 days. The time from specimen collection to the start of semen analysis averaged 34 min (range: 3-60 min). Table II shows the semen characteristics of the 1346 subjects. The sperm concentration and total count were within high-normal values (94.9 and 91.6%, respectively) according to the WHO criteria. However, a large proportion of the study subjects had sperm progressive motility values below the lower threshold of the WHO criteria. Of the 1346 semen samples evaluated, only 38.9% had all normal semen parameters according to WHO criteria, and 61.1% had at least one of the semen parameters (semen volume, sperm concentration, count, rapid progressive motility and progressive motility) below normal threshold values.
Semen parameters
Risk factors for decreased semen quality
The semen samples were grouped separately according to different ages, seasons and duration of abstinence (Table III) . The different semen parameters were examined and compared in relation to these variables. Except for pH values (P , 0.001), other semen parameters were not significantly different among the different age groups, but some aspects of the semen quality appeared better between 25 and 29 years old. Season significantly affected all of the semen parameters (P , 0.001) except for semen volume and sperm rapid progressive motility, and the semen quality in the winter appeared better than in the other two seasons. Semen volume, sperm concentration and total sperm count increased significantly with the duration of abstinence (P , 0.01). Sperm rapid progressive motility, progressive motility and total motility reached peak values between 4 and 5 days of abstinence, but the differences were not statistically significant. Table IV shows adjusted regression coefficients and P-values for all possible risk factors in relation to semen parameters. The pH value, sperm concentration and sperm count were significantly associated with the season. The duration of abstinence was related to the pH value, semen volume, sperm concentration and count. Age, smoking, alcohol use and BMI had little or no effect on the semen parameters.
Discussion
In this study, we analyzed the quality of semen from 1346 healthy males (20 -40 years old) from Chongqing, China. Our current findings were not in complete agreement with semen parameters observed during several other large studies (number of subjects .500) in Chinese men (Junqing et al., 2002; Liu et al., 2004; Gao et al., 2007; Yan et al., 2007) . As shown in Table V , the mean and median values of semen volume in our study (2.5 and 2.3 ml, respectively) were in agreement with those of others (2.6 and 2.3-2.8 ml, respectively), but the mean sperm concentration and total sperm count in our study (84.8 Â 10 6 /ml and 203.2 Â 10 6 , respectively) were markedly higher than those in other studies, ranging from 55.9 to 64.5 Â 10 6 / ml, and from 133.6 to 164.2 Â 10 6 , respectively. For the mean of total motility, our result (67.3%) was similar to other reports of studies done in Chinese men (70.6-77.2%). In our study, only 38.9% had all normal semen parameters according to WHO criteria. Liu et al. (2004) found that 48% sperm donors reached all the WHO reference values of semen parameters, which was higher than that found by Junqing et al. (42.3%) and by Gao et al. (29.2% ). The fact that many studies have shown that a high proportion of populations have abnormal semen parameters has been paid more attention and there has been an increasing opinion that the WHO reference ranges should be reconsidered (Van der Merve et al., 2005) .
Compared with the values of semen parameters reported in studies of American (USA) and European (France, Denmark, Finland, Estonia and Norway) men Jørgensen et al., 2002; Swan et al., 2003; Jensen et al., 2004) (Table V) , the mean semen volume in Chinese men was lower by 0.6-1.4 ml. The mean sperm concentration (84.79 Â 10 6 /ml) in our study was higher than was observed in young American and Nordic-Baltic men (range: 54.3 -75.5 Â 10 6 /ml), but lower than that of French men (95 Â 10 6 /ml). The mean total sperm count (203.2 Â 10 6 ) in our study was higher than was recorded for men in the USA (range: 113.0-149.7 Â 10 6 ), but was markedly lower than that of French men (337 Â 10 6 ), and was within the range (from 173 to 235 Â 10 6 ) of Nordic-Baltic men. For the mean total motility, our study indicated that motility in Chinese men (67.3%) was similar to that of European men (range: 64 -73%), but was higher than that in the USA (range: 48.2 -56.4%).
The causes of the differences in semen quality among these studies remain under speculation. These variations could be attributable to differences in many factors, such as demographic characteristics, region, lifestyle factors, environmental factors and the methodology used for semen analysis. For example, semen analysis is a rather subjective technique, and is associated with inter-laboratory variation (Jørgensen et al., 1997; Swan et al., 2003) , making it difficult to compare assessments performed by different laboratories. We also cannot exclude geographic variations in semen quality, since several studies have shown apparent geographic variations after adjusting for possible confounders (Fisch et al., 1996; Vierula et al., 1996; Jørgensen et al., 2001; Swan et al., 2003) . In our study, we also found that there were regional differences in semen quality after adjustment for potential confounders (data not shown), which were consistent with the findings by Junqing et al. (2002) and Gao et al. (2007) . We speculate that these regional variations result from different interactions among lifestyle, other environmental factors and genetic variations, or a combination of these factors. Furthermore, we are also interested in the association of semen quality with environmental pollution, especially water-based pollution in the reservoir areas. We are measuring the exposure levels of priority persistent organic pollutants (POPs) in order to evaluate whether associations between POPs and semen quality in humans are found in this region and thereby evaluate the effects on semen quality.
Our study found that age had no significant effect on semen parameters after adjustment for other potential confounders. However, the correlation between age and semen quality was difficult to assess in our study because the age range (20 -40 years old) of participants were restricted. A meta-analysis (Kidd et al., 2001 ) and a recent study (Levitas et al., 2007) suggest that increased age is associated with a decrease not only in semen volume, but also in the percentage of normal sperm and sperm motility. Other studies (Eskenazi et al., 2003; Carlsen et al., 2005) showed that there is no correlation between sperm concentration and male age. The discrepancies among these studies may be due to the different ages of men examined, or due to other confounding factors.
Seasonal variations in semen parameters have been reported in both fertile and infertile men (Levine et al., 1988; Saint Pol et al., 1989; Centola and Eberly, 1999; Chen et al., 2003) . Saint Pol et al. (1989) found a significant seasonal variation in sperm count, with the highest sperm counts observed in late winter and early spring and the lowest in late summer. In age-adjusted analyses, Centola and Eberly (1999) tapered sperm. Chen et al. (2003) also reported seasonal variations in sperm concentration. The seasons of our study included several months representative of summer, autumn and winter. In agreement with previous studies, our results showed that semen volume, sperm concentration and sperm count were significantly associated with season, with better semen quality in the winter than in the other two seasons. There are several possible explanations for seasonal variation in semen parameters. Some investigators consider that semen quality is subject to seasonal changes because of temperature changes (Politoff et al., 1989; Chia et al., 2001) or the length of daylight (Snyder et al., 1990) . A recent report suggested that ejaculatory frequency may be the key reason for seasonal variation in sperm concentration. We are currently investigating the effect of season on sperm morphology and other biologic markers in our samples.
It has been well-demonstrated that the duration of abstinence can influence semen quality. Gao et al. (2007) found that semen volume and sperm concentration were increased in the subjects after 4-7 days of abstinence, which was consistent with our results. Levitas et al. (2005) evaluated the relationship between the duration of abstinence (1-14 days) and various characteristics of normal and subnormal semen, and found that mean values of semen volume, sperm concentration, total sperm count, percentage of motile sperm and total motile sperm count per ejaculation were related to the duration of abstinence in each group, and that an increase in the duration of abstinence from 3 to 6 days is positively and significantly related to sperm concentration. Our finding that total motility was not significantly related to the duration of abstinence may be due to the strict limitation of 3-7 days of abstinence in our study.
In our study, tobacco and alcohol consumption did not appear to be associated with semen parameters. This is consistent with several other studies (Dikshit et al., 1987; Martini et al., 2004; Gao et al., 2007) . However, many studies showed associations between male smoking and sperm concentration and motility (Vine et al., 1996 (Vine et al., , 1994 Said et al., 2005; Ramlau-Hansen et al., 2007) . Said et al. (2005) reported a negative effect of tobacco on semen quality, although in their study this decrease was related to tobacco chewing and not to cigarette smoking. More recently, Ramlau-Hansen et al. (2007) reported that smoking was a risk factor for decreased semen quality, and observed a statistically significant dose-response relationship between current cigarette smoking and several semen characteristics. One earlier study (Pajarinen et al., 1996) indicated that long-term average daily consumption of ,40 g of alcohol seemed not to be associated with disorders of spermatogenesis, whereas high alcohol consumption might be associated with serious disorders of spermatogenesis. Results reported by a recent study (Muthusami and Chinnaswamy, 2005) demonstrated that chronic alcohol consumption has a detrimental effect on male reproductive hormones and on semen quality. There is no clear explanation for these differences. One possibility is that the levels of tobacco and pattern of alcohol consumption were different among these studies. Further investigations are needed to determine whether tobacco and alcohol consumption play a role in decreasing semen quality. Several studies have demonstrated that BMI could be associated with male fertility. Jensen et al. (2004) found a significant association between sperm count and BMI, as overweight as well as overly slim men had lower sperm concentrations and also lower total sperm counts compared with men with ideal body weights (BMI between 20 and 25 kg/m 2 ). Results reported by Kort et al. (2006) revealed a significant and negative relationship between BMI and the total number of normal-motile sperm cells, and men presenting with a BMI .25 kg/m 2 have fewer chromatin-intact normal-motile sperm cells per ejaculate. In our study, BMI did not appear to have an effect on semen quality, which is consistent with the results on the Chinese population reported by Gao et al. (2007) . The different obesity prevalence rates among races in different countries may cause the discrepancies among these studies, since obesity prevalence rates are known to be very high in industrialized areas. Further research is needed on exactly how obesity affects semen production. A recent study (Aggerholm et al., 2008) found that overweight and obese men have a markedly changed sex hormone profile in serum. Many factors, such as different hormone levels in obese men, overheating of the testicles caused by excessive fat in the area or the lifestyle and diet that leads to obesity could affect semen quality.
The most important strength of our study is the sample size; the inclusion of 1346 healthy men made this study one of the largest ever in a Chinese population. Furthermore, our study was based on a community population, unlike most of the previous studies, which were based on clinic or hospital populations, or sperm donor banks. Several studies (Larsen et al., 1998; Lalos et al., 2003; Muller et al., 2004) have reported that there are major differences in demographic characteristics between semen donors and the general population.
We realize that our study was not without limitations. One apparent limitation of the study was the fact that only one semen sample was evaluated for each subject. However, since the number of subjects evaluated was relatively high, this would tend to minimize the potential effect of sample variability of semen quality. The other main limitation is that the subjects were not randomly selected, but volunteers. Therefore, demographic characteristics, including the drinking and smoking rates of our study population, may be different from the general population, as volunteers may tend to be those who are concerned about their fertility. Because the subjects were recruited by local Family Planning Institutions, we cannot estimate the participation rate. Our study did not include a questionnaire for the men refusing to participate, so the reason(s) for their refusal are not known.
The present study was one of largest studies on semen quality in a Chinese population, and focused on representative regions of the Three Gorges Reservoir Region in Chongqing in southwest China, which has not been evaluated before. This investigation showed that a high proportion of Chinese healthy males (61.1%) had abnormal semen parameters values, according to WHO criteria. For the mean of semen volume and sperm total motility, our results were similar to other reports of studies in Chinese men, but the mean sperm concentration and total sperm count in our study were markedly higher than in other studies in Chinese men. Compared with the values reported by studies carried out in the USA and Europe, the mean semen volume in Chinese men was markedly lower. We did not find any significant association of the poor semen quality with smoking, drinking alcohol or BMI, but did note that season and the duration of abstinence may be important factors that influence semen quality. This study provides important basic data on male reproductive health in southwest China, and will provide a large population data set for comparison of semen quality in different regions of China or in different ethnic populations.
